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(54)    Twin monos memory cell and corresponding fabrication method 

(57) Presented in this invention is a high-density 
twin MONOS memory device integrating a twin MONOS 
memory cell array and CMOS logic device circuit and 
corresponding fabrication methods. Two aspects are 
described: 

i) Simultaneous definition of memory gate and logic 
gate, thus improving the process integration 
scheme for easier and more reliable fabrication. 

ii) Bit line crosses word gate and control gate (142). 
The invention focuses on lowering parasitic sheet 
resistances to enable high speed while maintaining 
low manufacturing cost. The twin MONOS cell 
stores memory in two nitride memory cell elements 
underlying two shared control gates on both side- 
walls of a select gate. The method is applicable to 
a device with a flat channel and/or a device having 
a step channel. 
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D scrlption 

Technical Fl Id 

[0001] Th Inv ntion relates to methods of fabricating 
high-density twin MONOS (Metal/polysilicon Oxide Ni- 
tride Oxide Silicon) memory devices integrating CMOS 
control logic, suitable for various architectures. 

Background art 

[0002] Twin MONOS structure was introduced in the 
U.S. Patent 6,255,166 issued on July 3, 2001 to Seiki 
Ogura, and a variation is taught in co-pending U.S. Pat- 
ent Application Serial numbeK^^95^05g_(tJalo^ 
99-002) to Ogura et al, filed oni06/16/2gftrtf§^ Patents 
6,166,410 to Lin et al and ^^4,7^^^ozasa et al 
show MONOS celts with dualgates ana integrated array 
and logic processes. U.S. Parents 5,85l7§&tiCiLin et al 
an(HTT773lirt6v*©gura et alsn^w^MOSSs-tnemory 

Summary of the invention 

[0003] Presented in this invention is a fabricating 
method for high-density twin MONOS memory devices 
integrating CMOS logic transistors into various array for- 
mations. The invention consists of the following fabrica- 
tion methods: 

i) Simultaneous definition of memory gate and logic 
gate, thus improving the process integration 
scheme for easier and more reliable fabrication. 
ii) Twin MONOS array in which bit line crosses word 
gate line and control gate. The invention, comparing 
to co-pending patent application 09/595059 
(Halo99-002) where bit line and control gate are 
perpendicular to word line, focuses on lowering par- 
asitic sheet resistances to enable high speed while 
maintaining low manufacturing cost. The twin 
MONOS cell stores memory in two nitride memory 
cell elements underlying two control gates on both 
sidewalls of a shared select (word) gate. The meth- 
od is applicable to a device with a flat channel and/ 
or a device having a step channel under control 

20 

iii) Twin MONOS array architecture in which the 
shared bit line in adjacent cells in ii) is separated by 
shallow trench isolation (STI) and featured with in- 
dividual contact to bit by metal line. The fabrication 
method can utilize the method in ii). This is a deriv- 
ative of ii). 
iv) Twin MONOS architecture in which one side of 
bit line is parallel to word and control gate lines and 
the other side of bit line is perpendicular to word and 
control gat lines. Th contact process for the bit 
line perpendicular to word and control gate utilizes 
salicided bit diffusion line or tungsten plugged line. 

This is anoth rform of partial usage of this new con- 
cept of bit lin perp ndicular to control gat in (ii) 

[0004] Two embodiments of the pres nt invention are 
5 disclosed. 

1) The unique features of the first embodiment are 
a salicided bit line, cap nitride on a memory gate, 
and field implant isolation without STI. The word line 

1Q       crosses the bit line and the control gate. 

1 -1) The memory gate image and the logic (pe- 
ripheral) gate are defined by a critical mask, 
where feature size is the smallest provided by 
the lithography tool in use. 

1 -2) Memory gates with cap nitride and logic 
gates with no cap nitride are simultaneously 

^formed by a reactive ion etch. To achieve this 
3>netime etch, 

+ Gate stack structure prior to a mask proc- 
ess from top to bottom is: 

oxide/nitride/polysilicon/gate oxide in 
the memory area and 
nitride/oxide/polysilicon/gate oxide in 
the logic area. 

+ The resist image transfer Rl E stops at the 
polysilicon surface. The resist is stripped 
and the hard mask (oxide) is used for the 
polysilicon RiE. 

+ An etch rate requirement for each layer at 
polysilicon RIE process is: 

polysilicon - nitride » oxide. This is 
achievable with an ambient of CF4/02 
forthe bulk etch and HBr/Og/C^forthe 
end point etch. 

1 -3) A boundary of the memory area and the 
logic area is placed on the cap nitride at the 
memory side so as not to leave a polysilicon 
spacer on the logic side. 

1 -4) DSW (disposal side wall) process is imple- 
mented to achieve an ultra short channel impu- 
rity profile in the memory area. As an option, a 
half cut ONO composite layer is formed under 
the control gate utilizing DSW as an etching 
mask. The bottom oxide in the logic area used 
for DSW formation in the memory area is con- 
served and used as an etch stop layer to re- 
move the sidewall polysilicon. 

1-5) ISSG (in-situ st am gen ration) is us dfor 
an ONO composite layer formation. The bottom 
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oxid growth with ISSG provides a much small- 
er bird's beak compared to a conventional ther- 
mal oxide growth under the word gat . This im- 
proves significantly th   read curr nt. ISSG 
grows oxide not only on silicon but also on ni- 5 
tride. The growth rate on nitride is 0.6 times that 
on single crystal silicon at 950 to 1000 °C. Then 
the oxide grown on the cap nitride isolates it 
from a nitride film of the ONO composite layer. 
This provides better insulation between the 10 
word gate and the control gate as well as less 
concern about word line to word line shorts. A 
nitride of the ONO composite layer is deposited 
by CVD after NH3 treatment at 850 °C. ISSG is 
also used to grow a top oxide by oxidizing the w 
nitride. Since the oxide layer formed by oxida- 
tion of nitride is better quality compared to a de- 
posited CVD oxide film, memory retention time 
is improved as well as improving program/ 
erase characteristics. 20 

1 -6) The vertical reactive etch of polysilicon to 
form the memory control gate must be subject- 
ed to a long RIE breakthrough of the ONO in- 
sulation into silicon. At the completion of mem- 25 
ory fabrication, the insulator between the con- 
trol gate and the word gate depends on the 
height. When the top of the control gate is high- 
er than the boundary of nitride and polysilicon, 
the insulator thickness gets thinner while re- 30 
moving the cap nitride. Therefore, the top con- 
trol gate polysilicon has to be lower than the ad- 
jacent word gate nitride boundary. The memory 
bit line and source/drain area are protected by 
resist etch back process to prevent the etch 35 
from breaking through to the substrate during 
the first half of the etch. The logic source/drain 
region is defined by using the polysilicon spacer 
formed during memory control gate formation. 
The polysilicon spacer in the logic area is re- *o 
moved by CDE after source/drain ion implanta- 
tion. 

1-7) ISSG oxidation follows to recover RIE 
damages in the ONO composite layer and turn 45 
the remaining ONO nitride to oxide in the logic 
area. 

1 -8) About 200 Angstroms of oxide is deposited 
priorto memory source/drain implantto prevent so 
ion implantation damage of the ONO composite 
layer. 

1-9) The memory bit line, the memory control 
gate, the logic gate, and the logic diffusion are 55 
salicid dto low rth ir resistances. About 30 to 
40 nm of BPSG is deposited conformally to 
keep enough of an isolation gap between the 

m mory control gate and th m mory bit lin . 
Using BARC (bottom anti-reflective coating) 
/resist etch back, the BPSG ov r th control 
gat is r moved by a wet etch to xpand an x- 
posed area of th memory control gat . The 
salicidation area is defined by a subsequent ox- 
ide spacer etch. 

1 -10) About 5000 Angstroms of a thick oxide is 
deposited over the salicided structures. About 
1500 to 2000 Angstroms of nitride is deposited 
and a dummy pattern is left in the logic area as 
an etch stop for CMP. 

2) The second embodiment differs from the first em- 
bodiment in the following aspects: Polycide gate 
such as stack of Tungsten/Tungsten-nitride/polysil- 
icon or polysilicon gate, cap nitride, STI isolation, 
local wiring (long contact) process, and self aligned 
contact and metal bit line. The bit line crosses the 
word line and control gate. Adjacent bits isolated by 
STI are alternately connected by the long contact 
or adjacent bits are connected on the rectangular 
STI mask. 

2-1) STI image is printed as a line shape in- 
stead of a rectangular shape to free from comer 
rounding. The comers of the rectangular STI on 
a mask are rounded through a lithography proc- 
ess as shown in Rg.6A. It may generate addi- 
tional leakage concerned with overlay misalign- 
ment as shown inFig.6A-2. In this invention, 
STI and active area are printed as line and 
space to avoid the leakage effect due to the cor- 
ner rounding and overlay misalignment. Adja- 
cent four memory bits are connected to each 
other by a rectangular shape contact instead of 
a common diffusion area and a square contact. 
Active lines running parallel are connected at 
local wiring (long contact) process to be equiv- 
alent to the island shape. 

2-2) Memory and logic (peripheral) gates are 
defined by one critical mask. 

2-3) The gate structure is: 
cap nitride - W/WN - polysilicon - gate ox- 

ide 
Since a silicon oxide on the W/WN sidewall 

can cause breakdown voltage, the sidewall 
must be wrapped in silicon nitride to avoid for- 
mation of silicon oxide. The resist image is 
printed on the gate stack by using a conven- 
tional lithography process and transferred into 
the cap nitride to the W/WN, stopping at the 
polysilicon surface, followed by photoresist 
stripping with 02 ashing. About 100 Angstroms 
of nitride is deposited to wrap the W/WN, fol- 
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lowed by vertical r activ Ion tching of th 
polysilicon. Memory and logic gates are print d 
and etched by a conventional CMOS process. 

2-4) A boundary of the m mory area and the s 
logic area is placed on the cap nitride at the 
memory side so as not to leave a polysilicon 
spacer on the logic side. 

2-5) DSW process is implemented to achieve 10 
an impurity profile for an ultra short channel in 
the memory area and to offset the nitride edge 
from N+ region by N- region under control gate 
for better retention and endurance. If the nitride 
cut by DSW is not required because of forgiven » 
requirement in endurance, the DSW process is 
optional. 

2-6) ISSG (in-situ steam generation) is used for 
an ONO composite layerformation. The bottom 20 
oxide growth with ISSG provides a much small- 
er bird's beak compared to a conventional ther- 
mal oxide growth under the word gate. This im- 
proves read current extraordinarily due to min- 
imizing polysilicon bird's beak during the oxida- 25 
tion. ISSG grows oxide not only on silicon but 
also on nitride. The growth rate on nitride is 0.6 
times that on single crystal silicon. A nitride of 
the ONO composite layer is deposited by CVD 
after NH3 treatment at 850 °C. ISSG is also 30 
used to grow a top oxide by oxidizing the nitride. 
Since the higher quality of ISSG oxide against 
CVD oxide reduces control gate leakage from 
nitride as compared to a deposition film, mem- 
ory retention time is improved. 35 

2-7) The vertical reactive ion etch of polysilicon 
to form the memory control gate is prolonged 
to lower the height to half of the word gate. The 
memory bit line and source/drain area are pro- 40 
tected by a resist etch back process to prevent 
etch breakthrough of the ONO to the substrate 
during the first half of the etch. The logic source/ 
drain region is defined by using the polysilicon 
spacer. The polysilicon spacer in the logic area 45 
is removed by CDE after the source/drain ion 
implantation. 

2-8) ISSG oxidation follows to recover RIE 
damages in the exposed edge of the ONO com- so 
posite layer under control gate polysilicon in the 
memory area and turn the remaining ONO ni- 
tride completely to oxide in the logic area. 

2-9) About 200 Angstroms of oxide is deposited 55 
prior to m mory source/drain implantto prevent 
ion implantation damag ofth ONOcomposit 
layer. 

2-10) BARC and photoresist are appli d over 
the substrate. Th photoresist overth memory 
area is op n d and th logic area is mask d 
with a conventional lithography process fol- 
lowed by BARC/photor sist etch back with 02 
Rl E and oxide spacer etch to expose the control 
gate silicon and the word gate silicon. The oxide 
over the diffusion is protected by the remaining 
BARC not to expose the diffusion area silicon. 
After removing the oxide on the logic gate and 
the logic diffusion, salicidation takes place over 
all the silicon exposed. 

2-11) Self-aligned contact (SAC) is enabled by 
depositing a thicker nitride than a difference of 
a width of the control gate and spacer oxide 
thickness. SAC can reduce cell size, occasion- 
ally to be halved. 

2-12) Local wiring (long contact) process fol- 
lows oxide deposition and oxide CMP to con- 
nect two active areas having a common contact 
as mentioned in 2-1. A bar contact to two active 
areas is opened with SAC. Titanium nitride and 
tungsten are filled in the bar contact using long 
contact followed by tungsten CMP. 

2-13) A contact hole to connect the local wiring 
(long contact) and the first metal is opened fol- 
lowing oxide deposition. The contact is plugged 
with titanium nitride and tungsten. Then CMP 
removes the extra titanium nitride and tung- 
sten. This is followed by a conventional metal 
interconnect process. 

3) The third embodiment differs from the second 
embodiment in the following aspects; no long con- 
tact and no sharing metal bit line by adjacent cells. 
Adjacent cells isolated by the STI are not bridged 
as in the second embodiment. The dual metal bit 
lines cross the word lines per each cell and each 
metal line contacts every other diffusion bit. 

4) The fourth embodiment differs from the second 
embodiment in the following aspects; alternate con- 
tinued and STI isolated diffusions parallel to word 
lines. Using rectangular STI mask or a long tung- 
sten plugged line instead of long contact as in the 
second embodiment forms the continued diffusion 
line. The continued diffusion line with tungsten 
plugged is used as a source line and parallel to the 
word line and the control gate. A metal bit line con- 
tacts diffusion bits on the STI isolated diffusion 
crossing the word line. 

Description of the drawings 

[0005]   In the accompanying drawings forming a ma- 
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terial part of this description, ther is shown: 

Figs. 1A through 1C schematically illustrat in 
cross-sectional r presentation a compl ted twin 
MONOS device fabricated by a first preferred em- 
bodiment of the present invention. 

Figs. 1D through 1H, 1J through 1N, and 1P through 
1R schematically illustrate in cross-sectional repre- 
sentation a first preferred embodiment of the 
present invention. 

Figs. 2A through 2C schematically illustrate in 
cross-sectional representation a completed twin 
MONOS device fabricated by a second preferred 
embodiment of the present invention. 

Figs. 2D through 2H, 2J through 2N, and 2P through 
2R schematically illustrate in cross-sectional repre- 
sentation a second preferred embodiment of the 
present invention. 

Figs. 3A and 3B schematically illustrate in cross- 
sectional representation a completed twin MONOS 
device with the ONO defined by DSW and offset by 
N region to N+ region as an alternative first pre- 
ferred embodiment of the present invention. 

Figs. 3C through 3E schematically illustrate in 
cross-sectional representation the alternative first 
preferred embodiment with DSW cut ONO of the 
present invention. 

Figs. 4A and 4B schematically illustrate in cross- 
sectional representation a completed twin MONOS 
device with the ONO defined by DSW and offset by 
N region to N+ region as an alternative second pre- 
ferred embodiment of the present invention. 

Figs. 4C through 4E schematically illustrate in 
cross-sectional representation the alternative sec- 
ond preferred embodiment of the present invention. 

Fig.5 A schematically illustrates a top view of the first 
embodiment diffusion bit twin MONOS. 

Figs.5B through 5E schematically illustrate cross- 
sectional views of the top view Fig. 5A of the first 
embodiment diffusion bit twin MONOS. 

Fig.5 F schematically illustrates a top view of the first 
embodiment diffusion bit Twin MONOS. 

Fig.5G illustrates a circuit diagram of the first em- 
bodiment diffusion bit twin MONOS. 

Figs,5H, 5J, 5K, and 5L schematically illustrate 
cross-sectional views of the top view in Fig. 5F of 

th first mbodim nt diffusion bit twin MONOS. 

Fig.6A-1 and Fig.6A~2 schematically illustrat a top 
view of the second embodiment metal bit twin 

5       MONOS having a rectangular STI. 

Fig. 6A-3 illustrates across-sectional view of the top 
view in Fig. 6A-1 of the second embodiment metal 
bit twin MONOS having a rectangular STI. 

10 
Fig.6B-1 schematically illustrates a top view of the 
second embodiment, metal bit twin MONOS device, 
of the present invention, which has long contact and 
no misalignment between STI and Word gate. 

15 
Fig. 6B-2 schematically illustrates a cross-sectional 
view of the top view in Fig. 6B-1. 

Fig.6C-1 schematically illustrates a top view of the 
20       second embodiment; metal bit twin MONOS. 

Fig. 6C-2 schematically illustrates an electrical cir- 
cuit diagram corresponding to the top view in Fig. 
6C-1. 

25 
Figs.7A through 7E schematically illustrate top 
views of the third embodiment; dual metal bit twin 
MONOS. 

30 Fig. 7F schematically illustrates an electrical circuit 
diagram of the third embodiment dual metal bit twin 
MONOS. 

Figs. 8A through Fig.8D schematically illustrate top 
35       views of the fourth embodiment; metal bit/diffusion 

source twin MONOS. 

Fig. 8E schematically illustrates an electrical circuit 
diagram of the fourth embodiment; metal bit/diffu- 

40       sion source twin MONOS 

Description of the preferred embodiments of the 
45 invention 

[0006] The process of the first embodiment of the 
present invention is illustrated in Figs. 1A to 1R and Figs. 
5A through 5L. In the first embodiment, a bit line runs 

so parallel to the control gate and a word line runs perpen- 
dicular to the control gate and the bit line as shown in 
Figs. 5F and 5G. STI (Shallow Trench Isolation) is not 
used for the memory cell isolation but is used in CMOS 
logic and peripheral circuits. The memory cell is isolated 

55 by field ion implantation 106 after word line formation as 
shown in Figs.SC and 5D. 
[0007] Figs. 1A through 1C illustrate a completed 
MONOS device of the first embodiment. A field implant 

5 
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provid sm moryc II isolation (not sh wn)inth m m- 
ory ar a. A salicided logic gat 152/141 and an adjacent 
saliclded source/drain r gion 105 ar formed in th logic 
area. In the memory area, a memory gate 140 and an 
adjacent salicided source/drain r gion 103 are formed. 
Control gates 142 are formed on sidewalls of the mem- 
ory gate 140, isolated from memory gate by an oxide- 
nitride-oxide (ONO) layer 122/131/123. A salicided word 
gate 154/144, shown in an orthogonal view in Fig. 1R, 
contacts the memory gate. 
[0008] Now, the method of making the MONOS de- 
vice of the first embodiment will be described. As shown 
in Fig.lA, while the cap nitride 130 over the memory 
word gate is required to define the word line, the cap 
nitride over the logic gates 141 in logic/peripheral area 
should be removed to salicide the gates in order to re- 
duce the sheet resistance. STI in the logic area, P-well 
and N-well are formed first in the semiconductor sub- 
strate 100 as in conventional CMOS processing and are 
not shown in the figures. 
[0009]  The word gate 140 of the twin MONOS mem- 
ory having 100 - 200nm of nitride 130 and polysilicon 
gate 141 in the peripheral and/or logic control circuit 
without cap nitride are defined simultaneously. The 
memory gate silicon oxide and low voltage logic gate 
silicon oxide are formed to a thickness of between about 
2 and 10 nm shown in Fig. 1D as 120. A gate silicon 
oxide thickness for the high voltage logic device is ad- 
justed depending on applied voltage requirements. 
Then the polysilicon 140 in Fig.lD is deposited to a 
thickness of between about 150 and 250nm by chemical 
vapor deposition (CVD). A silicon oxide layer 126 in Fig. 
1D is deposited by CVD to a thickness of about 30nm 
to be used later as an etching stopper over n-/p-MOS 
during polysilicon etching. The oxide layer over the 
memory cell array is etched away using lithography 
mask and dry etching as shown in Fig.1 D. A silicon ni- 
tride layer 130 in Fig.1 D is deposited by CVD to a thick- 
ness of between about 100 and 200nm to be used later 
as an etch-stop layer for chemical mechanical polishing 
(CMP). A silicon oxide layer 127 in Fig.lD is deposited 
by CVD to a thickness of about 30nm and etched away 
over the logic area with masking over the memory area. 
The silicon oxide layer 127 will be used as a hard mask 
during polysilicon gate definition. Consequently oxide- 
nitride-polysilicon-gate oxide is stacked in the memory 
area and nitride-oxide-polysilicon-gate oxide, in the log- 
ic area, as shown in Fig. 1D. 
[0010] A photoresist image 190 in Fig. 1E is patterned 
using conventional photolithography over the stack and 
is transferred into the dielectric films by reactive ion 
etching (RIE), stopping at the polysilicon surface, fol- 
lowed by photoresist strip by oxygen ashing. Memory 
and logic gates are formed by polysilicon RIE using the 
dielectric patterns 126,127 in Fig. 1F over the polysili- 
con as an etch mask, wh r th etch rate of silicon ni- 
trid is chosen to b close to that of polysilicon and th 
etch rate of silicon oxide is much slower than that of poly- 

silicon. The silicon nitrid 130 is etched away during 
polysilicon 140 etching in th logic ar aandth etching 
is stopped at th topoxid s126,127oratth gat oxide 
120. Th typical etching ambient is CF4/02 for bulk etch 

5 and HBr/Og/Clg syst m for nd point to achi ve the re- 
quirement for the etch rates. The structure obtained at 
this stage is shown in Fig1 F. The remaining oxide 120 
is gently etched away. 
[Q011]  About 10 to 20 nm of silicon oxide 128 in Fig. 

10  1G is deposited by CVD to offset Boron ion implantation 
101 in Fig.1 H to adjust the threshold voltage (Vt) under 
the control gate. LDD (lightly doped drain) ion implanta- 
tion in the logic area is implanted at this stage using a 
photoresist mask as in a normal CMOS process to form 

is  logic LDD structure 104. The disposable sidewall (DSW) 
spacer process is formed to define an ultra short chan- 
nel width in a controlled manner. The thin layer 180 in 
Fig.1 G, between about 30 and 50 nm, comprising a 
polysilicon, a silicon nitride or borophosphosilicate glass 

20  (BPSG) is deposited conformally and the DSW film is 
anisotopically etched to form the disposable sidewall 
spacer on both sides of the memory word gate. 
[0012]  The logic area is covered with photoresist 191 
to protect the subsequent LDD ion implantation, where 

25  a photoresist boundary between memory and logic is 
taken on polysilicon at the edge of the memory area as 
shown in Fig.1 H. An n-type dopant such as Arsenic is 
implanted into LDD region 102 in Fig.1 G. The typical As 
implant condition is energy 10 to 20 keV and dose be- 

so tween about 5E13 and 1E14 atoms/cm2. After stripping 
the photoresist mask over the logic area with 02 ashing, 
the DSW is removed by CDE or wet etch. Masking the 
logic area with photoresist, p-type dopant is implanted 
with the offset of the remaining silicon oxide thickness 

35 on the word gate sidewall. BF2 is implanted at an energy 
of 30keV and dose of between about 1.2 to 2.5 E13 at- 
oms/cm2 to form the control gate channel region 101 in 
Fig. 1H. The oxide 128 in the memory area is gently re- 
moved with a wet or dry etch and the photoresist over 

40 the logic area is stripped away. 
[0013]  The ISSG (in-situ steam generation) tool re- 
cently developed grows silicon dioxide on not only sili- 
con but also on silicon nitride. When the oxide growth 
rate over single crystal silicon is 1, the oxide growth rate 

45  over silicon nitride is 0.6. ISSG oxide quality, as meas- 
ured by oxide break down voltage, is better than CVD 
oxide. A composite layer of oxide-nitride-oxide (ONO) 
123-131-122 is formed using ISSG oxidation. The bot- 
tom oxide 122 in Fig.U is grown with ISSG to a thick- 

50  ness of between about 3.0 and 5.0 nm. ISSG reduces 
bird's beak under the edge of the memory word gate 
compared to conventional thermal oxide growth. The 
oxide grown on the cap nitride 130 side wall isolates the 
cap nitride from the nitride of the ONO composite layer. 

55  Pretreatment of the bottom oxide in NH3 ambient, >850 
°C, provides uniform nitride deposition by CVD. The sil- 
icon nitride layer 131 in Fig.1 J d posited by CVD has 
a thickness of between about 6 and 9nm. The remaining 

6 
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nitride thickness of th composite lay risr ducedtobe- 
twe n about 3 and 6nm after ISSG oxidation. For xam- 
pl , 7.0nm nitrid reduced to 4.5nm after 4.5nm ISSG 
oxidaion. 75A Nitrid turns to 45A Nitride/45A top oxide 
after ISSG oxidation. 
[0014] A memory control gate 142 in Fig.lK is formed 
as a sidewall spacer of the memory word gate. The con- 
trol gate height is designed to be lower than the word 
gate polysilicon. The cap nitride will be removed later 
and polysilicon will be put in its place. As oxide growth 
on nitride is much slower than on polysilicon, the dielec- 
tric film thickness on the side cap of nitride is not thick 

nough to stand the required voltages between the con- 
trol gate and the word gate. To avoid the low breakdown 
voltage between the filled word gate and control gate, 
the control gate polysilicon etch is extended considera- 
bly lowerthan the nitride interface, but an extensive over 
etch will break through the over diffusion area. It is re- 
quired to protect the diffusion area from breakthrough 
during the polysilicon spacer etch. 
[0015] An insitu phosphorus doped polysilicon 142 in 
Fig.lK is deposited by CVD to a thickness of about 60 
to 10Onm. The memory area is covered with photoresist 
using conventional photolithography. Since the topology 
in the memory area is higher than that in the logic area, 
proper halfway etch of photoresist leaves some photore- 
sist in the trench over the memory area, which protects 
the diffusion area as shown in Fig.1L as layer 192. The 
vertical reactive ion etch removes polysilicon by twice 
the deposition thickness in the vertical direction. A sur- 
face of the ONO composite layer appears and the top 
oxide is gently removed by oxide RIE stopping at the 
ONO nitride. Then using a conventional CMOS process, 
the source/drain regions 105 in Fig.1L of n-MOS and 
p-MOS are defined individually by n-type and p-type ion 
implantation. The polysilicon sidewall 143 in Fig. 1L used 
as a spacer for the logic source /drain ion implantation 
is removed from the logic area by isotropical dry etch 
such as chemical down flow etch (CDE) or wet chemical 
etch where the memory area is masked by photoresist. 
The composite ONO layer under the polysilicon sidewall 
remains after removing the polysilicon. The top oxide is 
etched away by light wet chemical etch or gentle dry 
etch. The nitride 132 in Fig.1 M will be oxidized by ISSG 
later. The photoresist masking the memory area is 
stripped by 02 ashing. 
[0016] Here the memory control gate and source/ 
drain are defined. The logic area and control gate con- 
tact area are masked with photoresist patterned using 
a conventional photolithography process. The vertical 
reactive ion etch of potysilicon is continued until the 
height of the control gate 142 becomes lower than the 
polysilicon of the word gate as shown in Fig. 1M. The 
ONO composite layer is subsequently etched away with 
a vertical reactive ion etch of oxide. After stripping the 
photor sist covering the logic and control gate contact 
area by 02 ashing, 6nm of recov ry oxidation with ISSG 
is performed to recover a damaged ONO by RIE and to 

chang th nitrid 132 r maining on th surface com- 
pletely into oxid . Anoth r about 20nm of oxid 124 in 
Fig.1 N is d posited to pr v nt ion implantation damag 
on the gat edge oxid . Masking th logic area with pho- 

5 toresist, an n-typ memory dopant ion such as Ars nic 
is implanted into the source/drain region 103 in Fig.lN. 
The photoresist is stripped by 02 ashing. 
[0017] An oxide vertical ion etch follows stripping the 
resist used as the memory source/drain ion implantation 

to mask in order to expose each silicon surface. The mem- 
ory diffusion (source/drain) area 103 and the control 
gate are isolated by about 20nm of oxide sidewall 124 
in Fig1 N and the control gate is protected by about 20nm 
oxide. If thicker isolation 124 is required, an option using 

ts BPSG and BARC (bottom arc coat) etch back is insert- 
ed. BPSG is deposited by CVD to a thickness of 20 to 
40nm. BARC and photoresist are subsequently coated 
over the BPSG to protect BPSG in the memory diffusion 
and logic areaa. The photoresist in the memory area is 

20 developed out and 02 RIE etches back the BARC until 
the memory control gate surface appears. The exposed 
BPSG is removed with a wet etch followed by 02 RIE to 
strip the photoresist and BARC. BPSG over the control 
gate is removed and that on the control gate side wall 

25 is conserved. The vertical oxide RIE maintains the iso- 
lation over the control gate by 20nm and the isolation 
gap between the control gate and the diffusion increas- 
es by the BPSG thickness. 
[0018] A salicidation metal such as cobalt, titanium, 

30 etc is subsequently deposited by sputtering followed by 
a salicide formation anneal at 650-750 °C. The forma- 
tion anneal promotes the metal to react with the silicon 
turning into a metal-silicon alloy. The metal not touching 
the silicon does not react with the underlying material. 

35 The unreacted metal is stripped with an appropriate 
chemical such as H20^sulphuric acid. The salicide is 
not stable enough just after the formation anneal, so an- 
other anneal, called a conversion anneal, is performed 
to stabilize the salicide. Then memory diffusion 150 in 

40 Fig1 N, the Control gate 151, the Logic gate 152 and the 
Logic diffusion 153 are now all salicided. 
[0019] A thick oxide 125 in Fig.lP is deposited by 
CVD to a thickness of about 500nm and pianarized by 
CMP (chemical mechanical polish) to the cap nitride lay- 

45 er 130. There is a concern about CMP reaching the logic 
gate surface. Since the pattern density of the logic area 
is much smaller than the memory area, oxide thickness 
over the logic gate is thinner than the memory. Since the 
gate height of the logic is 150nm lower than the memory, 

so the logic area is susceptible to dishing and gate erosion 
during CMP. A nitride dummy pattern process in the log- 
ic area is inserted prior to CMP to protect a gate in an 
isolated area. A thickness of between about 100 and 
150nm of nitride is deposited. A nitride pattern 133 in 

55 Fig. 1P is formed such as a wedge on v-shaped oxide in 
the logic area overlying the logic source/drain. These 
nitrid islands prevent CMP dishing over th logic ar a. 
The remaining wedg after CMP in the oxide area is re- 
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moved when th memory cap nitrid is removed. 
[0020] The memory word line process follows th 
CMP penalization. Aft r removing th memory cap ni- 
tride 130 and nitride wedge 133 in Fig.1 Q by a wet etch 
such as hot phosphoric acid, polysilicon is deposited to 
a thickness of between 150 to 250nm. The word gate 
pattern is printed on the polysilicon with a conventional 
lithography process and the resist image is transferred 
into the polysilicon 144 in Fig.lR where word polysilicon 
along the orthogonal direction is etched away as shown 
in Figs.5B and 5C. 
[0021] The polysilicon etching reaches to the gate ox- 
ide 120. Then a light oxidation (5-1 Onm) is applied, then 
Boron (BF2 20keV~30keV, 2B12-1E13 atoms/cm2) is 
implanted in the field region 106 as shown in Figs. 5C 
and 5D. 
[0022] The CVD oxide (500 nm) is deposited to fill the 
gap between word gates. The RIE etch of 500nm ex- 
poses the word gate polysilicon leaving the word gap 
filled with the oxide as shown in Figs. 5H and 5J. 
[0023] Then the word line is salicided by a conven- 
tional CMOS salicidation process as in Fig.lR as 154. 
As an option, polysilicon 144 on top of base word gate 
polysilicon 140 can be replaced with W/Polysilicon ~ 
WSi/polysilicon instead of polysilicon 144. Then thick 
oxide 160 is deposited by CVD to fill the gap between 
the word polysilicon 144 as well as to deposit on top of 
the word gate polysilicon144, as shown in Figs. 5K and 
5L. 
[0024] Hereafter the process is followed by the con- 
ventional interconnect/metal wiring process. 
[0025] In an alternative in the first preferred embodi- 
ment process, shown in Fig. 3, the storage nitride layer 
131 is cut at the Disposable Sidewall Spacer 180 in- 
stead of at the control polysilicon gate definition. The 
deviation starts after the oxide 120 is etched in Fig. 1F. 
The bottom oxide of ONO in the range of 2.0nm to 6.0nm 
isthermallygrownusinganlSSGtool.Duringthegrowth 
of oxide 122, for example, to 4.0 nm, the side wall oxide 
121 of poly gate 140 is grown to about 5.5 nm by adjust- 
ing ISSG oxidation at 950 °C, which is slightly thicker 
than bottom oxide 122. Then a uniform nitride layer of 
7 5nm (131) is deposited by CVD. Boron implant in the 
range of 1.2E13 to 2.5E13 atoms/cm2 for control gate 
memory channel 101 can be inserted at just before the 
bottom oxidation 122 or immediately after the oxidation 
122 or after the nitride 7.5 nm deposition. The implant 
energy is increased from 5 keV to 15 keV as the dielec- 
tric thickness over the channel 101 is increased. The 
disposable sidewall material such as plasma oxi-nitride, 
phosphorus doped polysilicon or BPSG, which can be 
selectively etched away without removing much nitnde 
or thermal oxide, is conformally deposited in the range 
of 25nm to 60 nm. Here the 50nm is chosen as an ex- 
ample. The DSW film is anisotopically etched as in the 
previous embodim nt (Fig.lG). But this time (Fig.3C), 
the nitride layer 131 und rth DSW film 180 is tch d 
away using etching gas such as HBR/CVCI2, which 

do s not attack und meath oxid 122. Th cross sec- 
tional structure atthis point is illustrat d in Fig. 3C. Using 
this DSW spacer 180 as an implant mask, As sp ci for 
N-LDD 102 is implanted vertically in th dosage range 

s   of 1E13 to 1E14 atoms/cm2. H re th surface concen- 
tration of Boron at channel 101 is designed between 
1E18 and 2E18 atoms/cm3 at process end and mean- 
while the surface concentration of N-LDD is between 
5E18 and 1E19 atoms/cm3. These profiles are chosen 

10 to create efficiently Channel Hot Electron during pro- 
gram but to minimize Hot Hole generation (or called 
Band to Band or Gate Induced Leakage) during erase. 
The DSW film 180 is selectively removed and most of 
the oxide 122 disappears after the cleaning process 

15 (preferable to leave an oxide layer by high selectivity 
during nitride etch). Then a thermal oxidation by ISSG 
at about 950 °C for 2 minutes is implemented to form a 
4 to 6 nm oxide layer 123 over the nitride 131, and a 
9-1 Onm oxide layer 129 over N-LDD 102, as shown in 

20 Fig.3D. 
[0026]  A memory control gate polysilicon 142 in Fig. 
3E is deposited and the following process steps follow 
the previous embodiment. The device structure at the 
process end is provided in Figs.3A and 3B. Offsetting 

25 the storage nitride area from the N+ diffusion junction is 
the objective of this optional process. Since the source 
of GIDL current due to Band to Band tunneling requires 
about the concentration of 1E19 atoms/cm3, the hole 
generation occurs at the edge of N-LDD and N+junction 

30 where the concentration becomes about 1E19. If this 
generation point is covered with nitride and electrons 
are trapped in the nitride layer during programming, the 
hole generation current due to Band to Band tunneling 
is drastically enhanced (almost two orders) by the neg- 

35 ative field created by the trapped electron. This behavior 
is the same observed in GIDL current increase with neg- 
ative gate voltage increase in a conventional polysilicon 
gate MOSFET. Avoiding extra increase in hole current 
by CHE trap is very important to achieve large erase 

40 block size since the current supply capability from the 
charge pump is limited. This option, shown in Figs. 3A 
and 3B, removes the nitride layer at the edges of the 
N-LDD and N+ junctions thereby preventing trapping of 
electrons in the nitride layer during programming. 

45 [0027] The second embodiment of the present inven- 
tion as shown Figs.2A through 2C will be described with 
reference to Figs. 2D through 2R and Figs. 6A through 
6C. The first embodiment approach using diffusion as a 
bit line is a concern with lR drop due to diffusion resist- 

so ance and its large RC delay, which should be minimized 
in high performance operation. In order to minimize IR 
drop due to diffusion resistance and its large RC delay, 
having a metal line contact each bit diffusion isolated by 
conventional STI rather avoiding a long diffusion line is 

55  invented in this second embodiment. In the second em- 
bodiment a word line runs parallel to a control gate and 
bit lines run across th word and control lin s. Each 
m mory cell is isolated by STI 210 as shown in top view 
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In Fig.6B-1. The memory control gate 242 is salicided, 
the memory word gat 240 and the logic gat are 
stack d m tal gates such as tungsten/tungsten nitride/ 
polysilicon, and the bit line is connect d by a metal line. 
Self aligned contact to diffusion is also provid d in this 
invention. 
[0028] The isolated STI island in the memory area as 
shown in Fig.6A is avoided by utilization of a long con- 
tact process connecting two adjacent diffusions across 
STI region as shown in Fig.6B. The comer of the rec- 
tangular STI 210 on a mask is rounded through lithog- 
raphy process as shown in Figs. 6A-1 and 6A-2. It may 
generate additional leakage concerned with overlay 
misalignment as shown by the leakage path 212 inFig. 
6A-2. In this invention, STI and active area are printed 
as line and space to avoid the leakage effect due to the 
corner rounding and overlay misalignment. Adjacent 
four memory bits are connected to each other by a rec- 
tangular shape contact instead of a common diffusion 
area and a square contact. 
[0029] Figs. 2A through 2C illustrate the MONOS de- 
vice of the second embodiment Shallow trench isolation 
210, shown in Figs. 6A through 6C provide memory cell 
isolation and logic device isolation. A logic gate 241 and 
an adjacent salicided source/drain region 205 are 
formed in a logic area. A memory gate 240 and an ad- 
jacent source/drain region 203 in a memory area are 
formed. Control gates 242 are formed on sidewatls of 
the memory gate 240, isolated from the memory gate 
by an oxide-nitride-oxide (ONO) layer 222/231/223. A 
local wiring 261 through a dielectric level 227 contacts 
the source/drain region 203 in the memory area. 
[0030] P-wells and N-wells are formed as is conven- 
tional in CMOS processing and will not be shown. As 
shown in Figs. 2A through 2C, the word gate 240 of the 
twin MONOS memory and logic gate 241 in the periph- 
eral and/or logic control circuit consisting of a composite 
layer of tungsten/tungsten nitride on polysilicon are si- 
multaneously defined. Since the dielectric layer on a 
sidewall of the top W/WN layer must be of good quality, 
this part of W/WN is wrapped with nitride, as will be de- 
scribed subsequently. 
[0031] The memory gate silicon oxide and low voltage 
logic gate silicon oxide are formed to a thickness of be- 
tween about 2 and 10 nm in Fig .2D as 220. A gate silicon 
oxide thickness for a high voltage logic device is adjust- 
ed depending on the requirement of applied voltage. 
Then the polysilicon 240 in Fig.2D is deposited in the 
range of about 150 to 250nm by chemical vapor depo- 
sition (CVD) followed by W/WN 260 deposition by CVD 
and silicon nitride 230 deposition also by CVD. The pho- 
toresist image printed by a conventional lithography 
process is transferred into the cap nitride 230 and W/ 
WN 260 by RIE, stopping at the polysilicon surface. Ni- 
tride 231 is deposited in the range of thickness of be- 
tween 10 and 50 nm to wrap th side wall of W/WN 260 
to protect W during oxidation, as shown in Fig. 2E. Then, 
a vertical reactive ion etch removes th thin nitride and 

polysilicon stopping at the gat oxide 220, as shown in 
Fig. 2F. Th r maining oxid is g ntly etched away by 
a wet etch, for xampl . 
[0032]  About 10 to 20 nm of silicon oxide 226 in Fig. 

5 2G is deposit d by CVD to be an offs tforth Boron ion 
implantation 201 in Fig.2H to adjust Vt under the control 
gate. The logic LDD structure 204 in Fig.2G is formed 
by applying separate resist mask and ion implant prior 
to DSW material deposition. The disposable sidewall 

10 (DSW) spacer process is used to obtain the controllable 
ultra short channel length under the control gate for fast 
programming by high electron injection efficiency. A thin 
DSW layer 280 in Fig.2G between about 30 and 50 nm 
such as a polysilicon, a silicon nitride or BPSG is depos- 

is ited and followed by an anisotropic etch forming the dis- 
posable sidewall spacer on both sides of the memory 
word gate. 
[0033] The logic area is covered with photoresist 291 
in Fig.2H to protect it from subsequent ion implantation. 

20 The etch proceeds in the memory area, where a pho- 
toresist boundary between memory and logic is taken 
on polysilicon at the edge of the memory area as shown 
in Fig.2H. A fine mask alignment to the boundary is not 
necessary. Then an n-type dopant such as Arsenic is 

25 implanted into the LDD region 202 in Fig.2G under the 
control gate masked by DSW, with arsenic as a dopant, 
acceleration energy 10 to 20keV, dose between about 
5E13 and 1E14 atoms/cm2 as an example. After strip- 
ping the photoresist mask over the logic area with 02 

30 ashing, the DSW is removed by CDE or wet etch. Mask- 
ing the logic area with photoresist again, p-type dopant 
is implanted with the offset of the remaining silicon oxide 
thickness on the word gate sidewall. For Vt adjusts un- 
der the control gate, implant specie BF2, energy 30keV 

35 and dose between about 1.2 to 3.5 E13 atoms/cm2 form 
control gate channel region 201 in Fig. 2H. 
[0034]  The oxide 226 in the memory area is gently re- 
moved with wet or dry etch and the photoresist over the 
logic area is stripped away. 

40 [0035] ISSG (in-situ steam generation) tool recently 
developed grows silicon dioxide on not only silicon but 
also silicon nitride. The growth rate is about 1 for single 
crystal silicon and 0.6 for silicon nitride. ISSG oxide 
quality is such that the oxide breakdown voltage is better 

45 than that of CVD oxide. A composite layer of oxide-ni- 
tride-oxide (ONO) 223-231 -222 is formed with ISSG ox- 
idation. The bottom oxide 222 in Fig.2J is grown with 
ISSG to a thickness of between about 3.0 and 5.0 nm. 
ISSG reduces bird's beak under the edge of the memory 

50 word gate compared to conventional thermal oxide 
growth, regardless of doped species or concentration. 
ISSG grows the oxide on the cap nitride. The oxide 
grown with ISSG on nitride isolates the cap nitride and 
the nitride of the ONO composite layer. Pretreatment in 

55 NH3 ambient, >850 °C, provides a uniform nitride thick- 
ness of th composite layer. The silicon nitride layer 231 
in Fig.2J is d posited by ch mical vapor deposition with 
a thickness of between about 6 and 9nm. The oxid lay- 
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r oxidized by ISSG oxidizes the nitrid by between 
about3and5nm.Th remaining nitride thickness othe 
composit layerisreduc dtobetw en about 3 and 6nm 
after ISSG Oxidation. 
[0036] Amemorycontrolgate242inFig.2Kisformed 
as a sidewall spacer of the memory word gate. The con- 
trol gate of this second embodiment is eas.er than the 
first The controi gate etch doesnl 
because cap nitride as well as wrap nrtnde are never 

loISn*1 In Fig. 2K, an insitu phosphorus doped polysil- 
KalsdiosltedbyCVDtoathicknessofabouta) 
to 100nm. The vertical reactive ion etch removes poty- 
silicon until the ONO surface appears and about 10 - 30 
nm of over etch is added to remove ONO top ox.de and 
nrtnde and stop at the bottom oxide to leave he ox.de 
over the logic source/drain region as shown in Fig.ZL 
Then using a conventional CMOS process, the source/ 
d ai Regions 205 in Fig.2L of n-MOS and p-MOS are 
definedTndividualiy by n-type and p-type .on .mplanta- 
tlon The polysilicon sidewall 243 in Fig.2L .s also used 
to form logic source /drain ion implantation. 
r00381 The polysilicon sidewalls in the log.c area are 
removed by isotropic dry etch such as chemical down 
flow etch (CDE) orwet chemical etch where the memory 
SsmLkedbyphotoresist-ThecomposfteONOIay- 

polysilfcon sidewall remains after removmg 
nolvsilicon The photoresist masking the memory area 
ESS" by £ ashing. The fining o»de^over 
memory and logic source/drain reg.ons 203 and 205 .s 
etched away by light wet chemical etch or gen le dry 
etch. ONO Nrtride232 under polysilicon s.dewall.n the 
logic area as well as the oxide 226 under the nrtnde st.ll 

Sr^l^eryoxWaflonwKhlSSGls 
Sled to recover a damaged ONO by R.E and to 
change the nitride 232 remaining on the surfaceloom- 
pletej into oxide. Another about 20nm o ox.de 224in 
Fiq 2N is deposited to prevent implantation damages. 
Masking the logicareawtth photoresist, memory 
dopant ions such as Arsenic are .mplanted.n memory 
source/drain region 203 in Fig.2M. The photoresist .s 
stripped by Oa ashing. 
moil Salicidation to alloy silicon and metal such as 
Trtanium, Cobalt etc. is required for the memory confrol 
gateandlogicdiffusionareatolowertheres.stance^he 

memorywordgateandlogicgate**™*™*\^ 
don't need salicidation. Since the memory b.t line uses 
metal wire, the bit line silicide is not necessary. To avoid 
the brt line salicidation, BARC 292 and photores^t 
arecoatedasshowninFig.2N, exposed anddeveloped 
BARC is removed until the control gate is exposed. After 
resist and BARC strip with 02 ashing, the memo^ con- 
trol gate and logte diffusion are exposed for sate.dat.on, 

as shown in Fig. 2N. 
[0041] A salteidation metal such as cobalt trtanium 
etcissubs quently deposited by sputt ring follow d by 
salicide fommtion anneal. Th formation anneal pro- 

motes the metal to react with th silicon tum.ng into a 
metal-siiteon ailoy. The unread d metal is stnpped wh 
an appropriat ch mteal such as H^sulphuric acid 
Th Sicid isnotstabl   nough just after th format-on 

s   ann al so anoth r ann al called a conv rsion anneal 
is performed to stabilize the salicide 
ature. The control gate 251, and the logic drffus.on 253 
are now all salicided, as shown in F.g.2P. 
[0042]  In a normal approach to make contact to drffu- 

10 sion area 203, the diffusion area between two a^aoen 
word gates 240 is opened wide enough to cons.der mis 
alignment between gate and contacrt mask^ a seff- 
a.igned contact, a thktar nitride 232 than the «,nttol 
gate thickness is deposited as shown in Fig.2Q.Athk* 

15  oxide 225 is deposited by CVD to ath«kness of about 
500nm and planarized by CMP (chemical mechanic* 
polish) Long contact 261 is used to connect adjacent 
ac!ve areas as shown in top view In Fig. 6B-1 and in 
cross-section in Fig. 6B-2. Then oxide ^ deposrted by 

20 CW.Self-alignedcontactreduceschips.zedras.cany 
m043] AsshowninFig.2R,afterthewidecontacthole 
261 is opened through oxide 227, the nrtnde layer 232 
is etched prior to filling theWstud. The nrtrjelayeron 
theconJgateshoulde^maybeth^ 

* tical contact etch and it may cause a short between the 
crn^gateandthebitcontactWstud.lnordertoavo.d 

fine potLal short, the following approach is proposed 
andillustratedin Fig.2Q. After depositing^thenrtndeflay- 
er 232, a material such as BPSG, which becomes an 

ao etch stop and is easily removed by e...ghtHF we eteh 
without attacking the nitride layer, is deposited tofdlthe 
gap in the thickness of about 400nm. Then the BPSGm 
Diarized by etch back or CMP, and the BPSG Is re- 
Sno the top shoulder of control gate polys.ix.on 

X  ^44]  A min nitride layer areund 10 to 30nm is de- 
posited and a vertical nitride etch is performed to form 
2hin nitride spacer. This deposit and etch of nrtnde 
laver is repeated until the shoulder is completely cov- 

« S ilT*. extra nitride spacer 233, 234. Hereafter 
the norma, metal wiring process * 
the shoulder short concern can be avo.ded by the 
unique self-aligned contact process. 
100451  Fig. 4 illustrates an alternate m the second 

45 Sment, similar to the first embodiment atternahve 
herein the'storage nitride is cut by DSW in onde,o 
reduce erase current and to improve reality_ftex 
ample, for a bottom oxide of 4.0 nm, after F.g. 2F dunng 
Te growth of oxide 222, shown in F.g. AC, the s.de waii 

so oxide 221 of poly gate 240 is grown about 5.5 nm by 
acting ISSG oxidation at 950 »C. whk* is s.ightfy 
Star San bottom oxide 222. Then a umform nrtnde 
Tayer of 7.5nm 231, shown in Fig. 4D 
CVD. A Boron implant in the range of 1.2E13ito2.5E13 

55 atoms/cm* for control gate memory channelttlcar.be 
inserted Just before the bottom oxidation 222 orimme- 
diat lyafterth oxidation 222 or aft rthenrtnd 7*nm 
deposition. The implant energy is increased from 5 keV 

10 
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to 15 k V as the dielectric thickn ss ov r th chann I 
201 is increased. The disposable sidewall mat rial such 
as plasma oxi-nitride, phosphorus doped p lysilicon or 
BPSG, which can b s lectiv ly etched away without 
removing much nitride or th rmal oxide, is conformally 
deposited in the range of 25 nm to 60 nm. Here 50 nm 
is chosen as an example. The DSWfilm is anisotopically 
etched as in the previous embodiment (Fig.2G). But this 
time (Fig 4C), the nitride layer 231 under the DSW film 
280 is etched away using etching gas such as HBr/O^ 
Cfe, which does not attack underneath oxide 222. The 
cross sectional structure atthis point is illustrated in Fig. 
AC. Using this DSW spacer 280 as an implant mask, As 
specie for N-LDD 202 is implanted vertically in the dos- 
age range of 1E13 to 1E14 atoms/cm2. Here the surface 
concentration of Boron at channel 201 is designed be- 
tween 1E1B and 2E18 atoms/cm3 at process end and 
meanwhile the surface concentration ofN-LDD is be- 
tween 5E18 and 1E19 atoms/cm3. These profiles are 
chosen to create efficiently Channel Hot Electron during 
program but to minimize Hot Hole generation (or called 
Band to Band or Gate Induced Leakage) during erase. 
Once the DSW film 180 is selectively removed, most of 
the oxide 222 disappears after the cleaning process (it 
is preferable to leave an oxide layer by high selectivity 
during nitride etch). Then a thermal oxidation by ISSG 
at about 950 °C for 2 minutes is implemented. A 4 to 6 
nm oxide layer 223 over the nitride 231, and a 9-1 Onm 
oxide layer 229 over N-LDD 202 are grown in Fig.4D. 
[0046]  A memory control gate polysilicon 242 in Fig. 
4E is deposited and the following process steps follow 
the second embodiment description above. The device 
structure at the process end is provided in Figs.4A and 
4B. Offsetting the storage nitride area from the N+ dif- 
fusion junction Is the objective of this optional process. 
Since the source of GIDL current due to Band to Band 
tunneling requires about the concentration of 1E19 at- 
oms/cm3, the hole generation occurs at the edge of 
N-LDD and N+ junction where the concentration be- 
come about 1E19. If this generation point is covered with 
nitride and electrons are trapped in the nitride layer dur- 
ing programming, the hole generation current due to 
Band to Band tunneling is drastically enhanced (almost 
two orders) by the negative field created by the trapped 
electron. This behavior is the same observed in GIDL 
current increase with negative gate voltage increase in 
a conventional polysilicon gate MOSFET. Avoiding extra 
increase in hole current by CHE trap is very important 
to achieve large erase block size since the current sup- 
ply capability from charge pump is limited. This is 
achieved by the optional alternative just described. 
[0047]  The process of the present invention provides 
a method to integrate fabrication of twin MONOS mem- 
ory cell arrays and CMOS logic circuits. Memory gates 
and logic gates are defined simultaneously thereby im- 
proving th integration process scheme for asierand 
more r liable fabrication. Furthermore, parasitic sh et 
resistance is lowered to enable high speed while main- 

taining low manufacturing cost. This is achi v d by a 
metal contact on bit diffusions in which the metal bit lin 
isp rp ndiculartoth word gat and control gate which 
are parall I to each oth r as shown Fig.6C. 

5 [0048] Thusth m mory cell arrang m nt (cell archi- 
tecture) for this metal contact on bit diffusion approach 
in the second embodiment is different from diffusion bit 
line approach without contact in the first embodiment. 
Equivalent circuit diagrams are provided in Fig.5F f or bit 

10 diffusion approach (corresponding to top view in Fig. 5E) 
and in Fig.6C-2for metal contact approach (correspond- 
ing to top view in Fig, 6C-1). 
[0049]  The third embodiment of the present invention, 
as shown in through Fig.7Bto Fig.7F, is of twin MONOS 

15  array architecture. The embodiment is regarded as a de- 
rivative of the second embodiment. The bit line crosses 
word line and control gate but differs from the second 
embodiment in that bit lines are not shared by adjacent 
rows. Dual bit lines along a row, featured with metal, 

20 control the diffusion voltage on both sides of the word 
gate independent from other dual bit line rows. The fab- 
rication method described in the second embodiment 
can be exactly copied to achieve the third embodiment 
so that it will not appear here. 

25  [0050]  Cells in adjacent rows separated by STI as 
shown in Fig.7B do not share the bit line to operate the 
individual cells independently, unlike the second em- 
bodiment. The STI mask is designated to apply opera- 
tion voltages individually on both side diffusions of a 

30 word gate. The STI mask as illustrated in Fig.7B is gen- 
erated by removing every other active line from the rec- 
tangular STI mask of the second embodiment as shown 
in Fig.7A. Diffusion contacts are placed by extending the 
diffusion area alternately on each side of an active line 

35  as shown in Fig.7B. 
[0051]  Word lines are arranged as crossing the active 
line and STI (Shallow Trench Isolation) as shown in Fig. 
7C and Fig.7D. The memory diffusion between the word 
gates coming out after the gate process is extended al- 

40 ternately along the bit line direction as shown in Fig.7D. 
The diffusion extensions on one side of a row contact 
one of the dual metal bit line and on the other side con- 
tact the other as shown in Fig.7E, in order to apply an 
operation voltage individually on a diffusion bit on each 

45  side of the word gate. The electrical equivalent circuit 
diagram to the top view structure in Fig.7E is shown in 
Fig.7F to help understanding. 
[0052]  The fourth embodiment of the present inven- 
tion, as shown in Fig.8Ato Fig.BF, is also of twin MONOS 

so  array architecture. The architecture combines the con- 
cepts in the second embodiment and the first embodi- 
ment based on the U.S. Patent 6,255,166 . Diffusion on 
one side of a word line is separated into individual bits 
by STI and on the other side is continued as a line to 

55  enable NOR operation keeping a feasibility of high-den- 
sity application. 
[0053] Th fabrication method d scrib d in th sec- 
ond embodiment is also applicable to the fourth embod- 

11 
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iment by conv rting the long contact process (Fig. 8A- 
1) to a Tungsten plugged line process as shown in Fig. 
8A-2. The process flow through to contact oxid CMP 
as shown in Fig.8A-1 is common betwe n th Tungsten 
plugged lin process and the long contact process. Th s 
structure of the fourth embodiment as shown in Fig.8A- 
3 is delivered by replacing the long contact mask in Fig. 
8A-2 by a Tungsten plugged line mask in Fig.8A-3, 
where a tungsten stud and a bit line contact are com- 
bined. It is followed by the fabrication method described 10 
in the second embodiment sequenced as the Titanium- 
nitride/tungsten deposition, Tungsten CMP, Oxide dep- 
osition, bit contact open and conventional metal wiring 
process to form a metal bit line as in Fig.8D. Each dif- 
fusion segment on one side of the word line is isolated *s 
by STI (Shallow trench isolation) and contacts a metal 
bit line. The segments on the other side of the word line 
are connected to each other via a tungsten-plugged line 
to act as a source line. Schematic electrical circuit dia- 
gram Fig.8E is equivalent to Fig.8D and allows random 20 
read/write operation. Since the embodiment doesn't 
need dual metal line, it is more preferred for high density 
application than the third embodiment. The circuit is also 
achievable with modifying the STI mask in the second 
embodiment. The rectangular STIs are periodically 25 
placed on a line along the bit line direction in the both 
embodiments as shown in Fig.8B-1 and Fig.8B-2. While 
the STI row and half pitch offset rows appear alternately 
along the word line direction in the second embodiment 
as shown in Fig.8B-1, they are aligned along the direc- 30 
tion in the fourth embodiment as shown in Fig.8B-2. The 
continued diffusion appears on one side of the word line 
and the diffusion bits are isolated by STI on the other 2. 
side as shown in Fig.8B-2. The layout is equivalent to 
the electrical circuit Fig.SE. Fig.BA is preferred com- 35 
pared to Fig. 8B because of process window about the 
corner rounding and overlay as described in the second 
embodiment. 
[0054]  Fig.SC illustrates a top view of the fourth em- 
bodiment after gate process and Fig.8D does that after *o 
1st metal process. Fig.8E is an equivalent electrical cir- 
cuit diagram corresponding to Fig.8D to help under- 
standing. 

Claims 

1.  A method of integrating the fabrication of a twin 
MONOS memory cell array and a 

CMOS logic device circuit comprising: so 

providing a substrate having a memory area 
and a logic area; simultaneously defining a log- 3. 
ic gate in said logic area and a memory gate in 
said memory area wherein a logic memory 55 
boundary structur is also formed wherein said 
logic gat comprises a gat oxid lay r under- 
lying a first conducting layer and wherein said 

m morygat and said logic m mory boundary 
structur comprise a gat oxid lay r underly- 
ing a first conducting lay r underlying a cap ni- 
tride layer; 
forming an oxid -nitrid -oxide (ONO) layer 
overlying said substrate, said logic gate, said 
memory gate, and said logic memory boundary 
structure; 
conformally depositing a pofysilicon layer over- 
lying said ONO layer, 
etching back said polysiiicon layer to leave 
pofysilicon spacers on sidewalls of said logic 
gate, said memory gate, and said logic memory 
boundary structure wherein said polysiiicon 
spacers form control gates in said memory ar- 
ea; 
forming source/drain regions in sard logic area 
using said logic gate and said polysiiicon spac- 
ers as an implantation mask; 
thereafter removing said polysiiicon spacers in 
said logic area; 
forming source/drain regions in said memory 
area using said control gates as an implantation 
mask; 
saliciding said control gates and said source/ 
drain region in said logic area; and 
depositing an oxide layer overlying said salicid- 
ed gates and source/drain regions to complete 
integration of said fabrication of said twin 
MONOS memory MONOS memory cell array 
and said CMOS logic device circuit. 

The method according to Claim 1 wherein said step 
of simultaneously defining a logic gate in said logic 
area and a memory gate in said memory area com- 
prises: 

forming said gate oxide layer on said substrate; 
depositing said first conducting layer overlying 
said gate oxide layer; 
depositing said cap nitride layer overlying said 
first conducting layer in said memory area; 
patterning said first and second cap oxide lay- 
ers and said cap nitride layer to form a hard 
mask wherein said first and second cap oxide 
layers form said hard mask; and 
etching away said cap nitride layer, said first 
conducting layer, and said gate oxide layer 
where they are not covered by said hard mask 
to form said memory gate in said memory area 
and said logic gate in said logic area. 

The method according to Claim 1 wherein said step 
of simultaneously defining a logic gate in said logic 
area and a memory gate in said memory area com- 
pris s: 

forming said gate oxide layer on said substrate; 

12 
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depositing said first conducting layer overlying 
said gate oxid layer wh rein said first conduct- 
ing layer compris s a pofysilicon layer underly- 
ing a tungsten/tungsten nitrid layer; 
depositing said cap nitride layer overlying said 5 
first conducting layer; 
patterning said cap nitride layer and said tung- 
sten/tungsten nitride layerto form a hard mask; 
thereafter depositing a nitride layer overlying 
said hard mask and said polysilicon layer 10 
wherein said nitride layer protects said tung- 
sten/tungsten nitride layer from oxidation; and 
thereafter etching away polysilicon layer and 
said gate oxide layer where they are not cov- 
ered by said hard mask to form said memory '5 
gate in said memory area and said logic gate 
in said logic area. 

4. The method according to Claim 1 before said step 
of forming said ONO layer, further comprising: 20 

depositing a layer of silicon oxide overlying said 
memory gate, said logic gate, and said logic 
memory boundary structure; 
implanting boron ions into said substrate to ad- 25 
just threshold voltage;- and 
forming lightly doped source/drain (LDD) re- 
gions in said logic area and in said memory ar- 
ea. 

30 
5. The method according to Claim 4 wherein said step 

of forming LDD regions further comprises: 

implanting ions into said substrate to form LDD 
regions in said logic area; 25 
thereafter forming disposable sidewall spacers 
on said memory gate and said logic memory 
boundary structure; 
implanting ions into said memory area using 
said disposable sidewalts spacers as a mask to <o 
form said LDD regions in said memory area; 
and 
thereafter removing said disposable sidewall 
spacers. 

45 
6. The method according to Claim 1 wherein said first 

conducting layer comprises polysilicon and wherein 
said step of forming said ONO layer comprises: 

using an in-situ steam generation (ISSG) tool so 
to grow a first silicon dioxide layer overlying 
said substrate, said first conducting layer, said 
cap nitride layer; 
depositing a silicon nitride layer overlying said 
first silicon dioxide layer by treating said first sil- 55 
icondioxid lay r in an NH3 ambient at great r 
than 850°C; and 
growing a second silicon dioxide lay rov dying 

said silicon nitride lay r using said ISSG tool. 

7. The method according to Claim 1 further comprising 
etching back said polysilicon spacers in said mem- 
ory area until a top surface of said polysilicon spac- 
ers is below a top surface of said first conducting 
layer of said memory gate and said logic memory 
boundary structure. 

8. The method according to Claim 1 further comprising 
saliciding said logic gate and said source/drain re- 
gion in said memory area. 

9. The method according to Claim 1 further compris- 
ing: 

planarizing said oxide layerto a top surface of 
said cap nitride layer; 
removing exposed said cap nitride layer in said 
memory area to expose said first conducting 
layer; 
depositing a second conducting layer overlying 
said oxide layer and exposed said first conduct- 
ing layer; and 
patterning said second conducting layer to form 
a word gate in said memory area. 

10. The method according to Claim 9 wherein said sec- 
ond conducting layer is deposited to a thickness of 
between about 15 and 20nm. 

11. The method according to Claim 1 further compris- 
ing: 

opening a contact hole through said oxide layer 
to a source/drain region in said memory area; 
and 
filling said contact hole with a tungsten layer. 

12. The method according to Claim 11 after said step 
of saliciding said control gates, further comprising: 

depositing a silicon nitride layer overlying said 
substrate and said control gates; 
depositing a dielectric layer overlying said sili- 
con nitride layer and etching back said dielec- 
tric layer to a level of a top surface of said con- 
trol gates; and 
repeating the following steps until said control 
gates are completely covered: 

depositing a thin silicon nitride layer over- 
lying said control gates and said dielectric 
layer; and 
etching back said thin silicon nitride layer 
to form thin silicon nitride spacers. 

13. A method of integrating the fabrication of a twin 

13 
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MONOS memory cell array and a CMOS logic de- 
vice circuit comprising: 

providing a substrate having a memory area 
and a logic area; 
simultaneously defining a logic gate in said log- 
ic area and a memory gate in said memory area 
wherein a logic memory boundary structure is 
also formed wherein said logic gate comprises 
a gate oxide layer underlying a first conducting 
layer and wherein said memory gate and said 
logic memory boundary structure comprise a 
gate oxide layer underlying a first conducting 
layer underlying a cap nitride layer; 
forming an oxide-nitride-oxide (ONO) layer 
overlying said substrate, said logic gate, said 
memory gate, and said logic memory boundary 
structure; 
conformally depositing a polysilicon layer over- 
lying said ONO layer; 
etching back said polysilicon layer to leave 
polysilicon spacers on sidewalls of said logic 
gate, said memory gate, and said logic memory 
boundary structure; 
forming source/drain regions in said logic area 
using said logic gate and said polysilicon spac- 
ers as an implantation mask; 
thereafter removing said polysilicon spacers in 
said logic area; 
etching back said polysilicon spacers in said 
memory area until a top surface of said polysil- 
icon spacers is below a top surface of said first 
conducting layer of said memory gate and said 
logic memory boundary structure whereby said 
polysilicon spacers form control gates in said 
memory area; 
forming source/drain regions in said memory 
area using said control gates as an implantation 
mask; 
saliciding said control gates, said logic gates, 
and said source/drain regions; 
depositing an oxide layer overlying said salirid- 
ed gates and source/drain regions and 
planarizing said oxide layer to a top surface of 
said cap nitride layer, 
removing exposed said cap nitride layer in said 
memory area to expose said first conducting 
layer, 
depositing a second conducting layer overlying 
said oxide layer and exposed said first conduct- 
ing layer; and 
patterning said second conducting layer to form 
a word gate in said memory area to complete 
integration of said fabrication of said twin 
MONOS memory MONOS memory cell array 
and said CMOS logic device circuit 

14. The method according to Claim 13 wherein said 

step of simultaneously defining a logic gat in said 
logic ar a and am morygat in said memory area 
compris s: 

5 forming said gate oxid layer on said substrate; 
depositing said first conducting layer overlying 
said gate oxide layer; 
forming a first cap oxide layer over said first 
conducting layer in said logic area; 

10 depositing said cap nitride layer overlying said 
first conducting layer in said memory area and 
overlying said first cap oxide layer in said logic 
area; 
forming a second cap oxide layer overlying said 

15 cap nitride layer in said memory area; and 
patterning said f irst and second cap oxide lay- 
ers and said cap nitride layer to form a hard 
mask wherein said first and second cap oxide 
layers form said hard mask; and 

20 etching away said cap nitride layer, said first 
conducting layer, and said gate oxide layer 
where they are not covered by said hard mask 
to form said memory gate in said memory area 
and said logic gate in said logic area. 

25 
15. The method according to Claim 1 or 14 wherein said 

first conducting layer comprises polysilicon having 
a thickness of between about 150 and 250 nm. 

30 16. The method according to Claim 2 or 14 wherein said 
first and second cap oxide layers have a thickness 
of about 30 nm. 

17. The method according to Claim 2 or 14 wherein said 
35       step of etching away said cap nitride layer, said first 

conducting layer, and said gate oxide layer is a re- 
active ion etch wherein the etch rate of nitride is 
close to the etch rate of polysilicon and wherein the 
etch rate of oxide is much slower than the etch rate 

40       of polysilicon 

18. The method according to Claim 13 before said step 
of forming said ONO layer, further comprising: 

45 depositing a layer of silicon oxide overlying said 
memory gate, said logic gate, and said logic 
memory boundary structure; 
implanting boron ions into said substrate to ad- 
just threshold voltage under said control gate; 

so and 
forming lightly doped source/drain (LDD) re- 
gions in said logic area and in said memory ar- 
ea. 

55 19. The method according to Claim 13 wherein said first 
conducting layer comprises polysilicon and wherein 
said step of forming said ONO layer compris s: 

14 
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using an in-situ st am generation (ISSG)tool 
to grow a first silicon dioxide layer overlying 
saiS substrate, said first conducting lay r, sa.d 

^ga^Ln^eteyerovertylngsaW * 
SSdioxide.ayerbytreatingsaidf.rstsH- 
Z dioxide layer in an NH3 ambient at greater 
than 860 oC; and 

said silicon nitride layer us.ng said ISSG tool. 

M The method accordingto Claim 13 before said step 
*" depositing a po.ysi.teon layer overl- 

ing said ONO layer further compns.ng: ^ 

etching away the oxide-nttride portion of said 
ONO layer overlying said substrate, and 
formingathirdoxidelayeroverty.ngaf.rstox.de 

at least an outside portion of sa.d polysillcon 
spacers has no nitride layer thereunder. 

21 ThemethodaccordingtoClaim8or13whereinsaid 
ItepTplanarizing said oxide layer comprises 
Jl^al mechanical polishing (CMP)£d££ * 
adummynitride pattern isfornnedmsa^ area 

to prevent dishing during sa.d CMP process. 

22 ThemethodaccordingtoClaimSoM 
*" second conducting layer is chosen from ^group *> 

containing polysillcon, tungsten/polys.l.con, and 
tungsten silicon/polysilicon. 

23. The method acco-ding to am. «-herein said 
word gate in said memory area .s formed by. 

patterning said second conducting layer and 
underlying said f irst conducting layer, and 

2* to said word line to prevent word line to 
word line leakage. 

24. The method according to Calm18 secondconductinglayerisdepos.tedtoath.ckness 

of between about 150 and 250 nanometers. 

25. A method of integrating the 
MONOS memory cell array and a CMOS logic ae 
vice circuit comprising: ^ 

providing a substrate having a memory area 

"XlTirm^oryceHteolationand^ 

active area isolation 
^uHaneous^efinlngalogicg^.n^.d^ « 
icareaandamemorygate.nsa.dmemoryarea 

wh r in a logic memory boundary structure .s 
SofoLdwhreinsaidlogicgat compnses 

28 

aqat oxid layerund riying a first conducting 
Z and wher in said memory gat and sari 
iogte memory boundary structur compnse a 
gloxid layrund riying a first conducing 
,ay rund riying a cap nitride 
forming an oxide-nitride-ox.de (ONO) layer 
oTriying said substrate, said logic gate, sari 
;Sgate,andsaid.ogicmemory boundary 

c^lfydepositingapo^Hconlayerove, 

lying said ONO layer, 
etching back said polysilicon layer to leave 
nrLificon spacers on sidewalls of said logc 

boundary structure whereby said polysillcon 
spacers f cm, control gates in said memory ar- 

forming source/drain regions in said logic area 
Xsaidlogte gate and said potysilicon spec- 
ers as an implantation mask; 
thereafter removing said polysilicon spacers In 
said logic area; 
forming source/drain regions in sa.d memory 
arausingsaidcontrolgatesasan«nplantat.on 

Sing said control gates and said sou.ce/ 
drain regions in said logic area; 
positing an oxide layer overlying sari salari- 
ed gates and source/drain regions; 
ope9rgacontactho.ethroughsaidox,de^er 

to a source/drain region in said memory area, 

Sing said contact hole with a tungsten layer to 
complete integration of said fabricat.cn of sari 
SoNOSmemoryMONOSmemorycel. ar- 

ray and said CMOS logic dev.ce crcurt. 

The method according to Claim 25 wherein said 
^simultaneous* defining a log* gate , sari 
ioglc area and a memory gate .n sa.d memory area 
comprises: 

forming said gate oxide layer on said substrate; 
dToSng said first conducting layer overiyng 
SateLdelayerwheroinsairifirstcondu^ 
Z layer comprises a polysilicon layer underly- 
ing a tungsten/tungsten nitride 
□positing said cap nitride layer overling sari 
f irst conducting layer; 
Jatterning said cap nKride layer an^.dtung- 
sten/tungsten nitride layer to fern a hard rnask 
Sereafter depositing a nitride layer overiyng 
iri fSri mask and said polysilicon ^ 
wherein said nitride layer protects sa.d tung- 
sten/tungsten nitride layer from oxriat.cn; and 
Setter etching away polysilicon layer and 
said gat oxide layer wh re they are not cov- 
ered by said hard mask to form sa.d memory 

15 
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gate in said memory ar a and said logic gat 
in said logic area. 

27. The method according to Claim 1 or 14 or 25 wh re- 
in said gat oxide layer has a thickness of b tween 5 
about 2 and 10 nanometers. 

28. The method according to Claim 26 wherein said 
polysilicon layer has a thickness of between about 
150 and 250 nm. io 

29. The method according to Claim 1 or 14 or 25 where- 
in said cap nitride layer has a thickness of between 
about 100 and 200 nm. 

15 
30. The method according to Claim 1 or 25 before said 

step of forming said ONO layer, further comprising: 

icon dioxide lay rinanNH3ambi nt at great r 
than 850 °C; and 
growing a second silicon dioxid lay rov rtying 
said silicon nitride layer using said ISSG tool. 

34. The method according to Claim 6 or 19 or 33 where- 
in said first silicon dioxide layer has a thickness of 
between about 3.0 and 5.0 nm, the silicon nitride 
layer has a thickness of between about 3 and 6 nm, 
and the second silicon dioxide layer has a thickness 
of between about 3 and 8 nm. 

35. The method according to Claim 1 or 25 before said 
step of conformalty depositing a polysilicon layer 
overlying said ONO layer further comprising: 

etching away the oxide-nitride portion of said 
ONO layer overlying said substrate; and 
forming a third oxide layer overlying a first oxide 
portion of said ONO layer remaining whereby 
at least an outside portion of said polysilicon 
spacers has no nitride layer thereunder. 

36. The method according to Claim 1 or 13 or 25 where- 
in said polysilicon layer is phosphorus or arsenic 
doped and is deposited by chemical vapor deposi- 
tion to a thickness of between about 60 and 100 nm. 

depositing a layer of silicon oxide overlying said 
memory gate, said logic gate, and said logic 20 
memory boundary structure; 
implanting boron ions into said substrate to ad- 
just threshold voltage under said control gate; 
and 
forming lightly doped source/drain (LDD) re- 25 
gions in said logic area and in said memory ar- 
ea. 

31. The method according to Claim 5 or 18 or 25 where- 
in said step of forming LDD regions further compris- 30 
es: 

implanting ions into said substrate to form LDD 
regions in said logic area; 
thereafter forming disposable sidewall spacers 35 
on said memory gate and said logic memory 
boundary structure; 
implanting ions into said memory area using 
said disposable sidewalls spacers as a mask to 
form said LDD regions in said memory area; 40 
and 
thereafter removing said disposable sidewall 
spacers. 

32. The method according to Claim 5 or 31 wherein said 45 
disposable sidewall spacers are chosen from the 
group consisting of: polysilicon, silicon nitride, and 
borophosphosilicate glass (BPSG). 

37. The method according to Claim 25 after said step 
of saliciding said control gates, further comprising: 

depositing a silicon nitride layer overlying said 
substrate and said control gates; 
depositing a dielectric layer overlying said sili- 
con nitride layer and etching back said dielec- 
tric layer to a level of a top surface of said con- 
trol gates; and 
repeating the following steps until said control 
gates are completely covered: 

depositing a thin silicon nitride layer over- 
lying said control gates and said 
dielectric layer; and 
etching back said thin silicon nitride layer 
to form thin silicon nitride spacers. 

38. A twin MONOS memory cell array and CMOS logic 
device circuit integrated circuit device comprising: 

35 

40 

33. The method according to Claim 25 wherein said so 
step of forming said ONO layer comprises: 

using an in-situ steam generation (ISSG) tool 
to grow a first silicon dioxide layer overlying 
said substrate, said first conducting layer, said 55 
capnitrid lay r; 
depositing a silicon nitrid layer overlying said 
first silicon dioxide layer by treating said first sil- 

a field implant memory cell isolation in a mem- 
ory area; 
a saiicided logic gate and an adjacent salicided 
source/drain region in a logic area; 
a memory gate and an adjacent salicided 
source/drain region in said memory area; 
control gates on sidewalls of said m mory gat 
isolat d from said memory gat by an oxide- 
nrtride-oxide (ONO) layer; and 

16 
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a salicided word gate contacting said m mory 

39. The device according to Claim 38 wherein said con- 
trol gates ar parallel to a bit line and wh r in said 
word line is perpendicular to said control gates and 
to said bit line. 

40. The device according to Claim 38 wherein said 
memory gate and said logic gate comprise polysil- 
icon. 

41. The device according to Claim 38 wherein said word 
line is selected from the group containing polysili- 
con, tungsten/polysilicon, and tungsten silicide/ « 
polysilicon. 

42. A twin MONOS memory cell array and CMOS logic 
device circuit integrated circuit device comprising: 

walls of said memory gat ar isolat d 
from said memory gate by a dielectric layer 
wh r in a dielectric layer also und dies said 
control gates and wher in said word lines and 

5 said control gat sar p rpendicular to said bit 
lines; 
alternating extensions of said contact diffusions 
between said word lines along a bit line direc- 
tion for bit contacts wherein said extensions of 

10 said contact diffusions on one side contact one 
of said dual metal bit lines and on the other side 
contact another of said dual metal bit lines; 
and 
a local wiring through a dielectric level contact- 
ing one of said source/drain regions in said 
memory area. 

46. The device according to Claim 45 wherein said di- 
electric layer comprises oxide-nitride-oxide (ONO). 

a shallow trench isolation for memory cell iso- 
lation and logic device isolation; 
a logic gate and an adjacent salicided source/ 
drain region in a logic area; 
a memory gate and an adjacent source/drain 
region in a memory area; 
control gates on sidewalls of said memory gate 
isolated from said memory gate by an oxide- 
nitride-oxide (ONO) layer; and 
a local wiring through a dielectric level contact- 
ing said source/drain region in said memory ar- 

43. The device according to Claim 42 wherein said con- 
trol gates are parallel to a word line and wherein a 
bit line is perpendicular to said control gates and to 
said word line. 

44. The device according to Claim 42 wherein said 
ONO layer does not underlie the portion of said con- 
trol gates adjacent to said source/drain region. 

45. A twin MONOS memory cell array and CMOS logic 
device circuit integrated circuit device comprising: 

a shallow trench isolation for said memory de- 
vice isolation along a direction of said bit line 
and a shallow trench isolation for said logic de- 
vice isolation; 
logic gates and adjacent salicided source/drain 
regions in a logic area; 
dual metal bit lines to contact diffusions individ- 
ually on each side of a memory gate in a mem- 
ory area wherein said memory gate acts as a 
word line; 
control gates on sidewalls of said m mory gate 
along said word line and adjacent source/drain 
diffusions wherein said control gates on side- 
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47. The device according to Claim 45 wherein said di- 
electric layer does not underlie the portion of said 
control gates adjacent to said source/drain region. 

48. A twin MONOS memory cell array and CMOS logic 
device circuit integrated circuit device comprising: 

logic gates and adjacent salicided source/drain 
regions in a logic area; 
memory gates and adjacent source/drain re- 
gions in a memory area; 
control gates on sidewalls of said memory 
gates isolated from said memory gates by an 
oxide-nitride-oxide (ONO) layer 
word lines parallel to said control gates; 
a first diffusion area on one side of said word 
lines wherein said first diffusion area is divided 
into bits by shallow trench isolation regions; 
a second diffusion area on another side of said 
word lines wherein said second diffusion area 
forms a continuous diffusion line; and 
a metal line overlying said word lines and per- 
pendicular to said word lines wherein said met- 
al line contacts each of said bits of said first dif- 
fusion area and wherein said metal line acts as 
a bit line and wherein said metal line does not 
contact said continuous diffusion line and 
wherein said continuous diffusion line acts as 
a source line; 

49. The device according to Claim 42 or 45 or 48 where- 
in said memory gate and said logic gate comprise 
polysilicon underlying a tungsten/tungsten nitride 
layer underlying a cap nitride layer. 

50. The device according to Claim 38 or 42 or 48 where- 
in said ONO lay r also und rlies said control gat s. 
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51. Th device according to Claim 38 or 48 wh rein 
said ONO lay r does not underlie the portion of said 
control gates adjacent to said source/drain region. 
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